Examining Both Sides of a Janus PTB Domain  by Yan, Kelley S. & Zhou, Ming-Ming
Structure
482
Figure 1. Recognition of the 3 Splice Site
SF1 and the U2AF heterodimer recognize the
branchpoint sequence (BPS), polypyrimidine
tract (Py), and 3 splice site (AG) by forming
a network of protein-RNA and protein-protein
interactions mediated by conserved KH and
RRM domains.
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domains were observed to bind to ligands containing aExamining Both Sides
canonical NPXpY motif (where pY represents phospho-of a Janus PTB Domain tyrosine and X is any amino acid), with hydrophobic
amino acids N-terminal to this sequence conferring ad-
ditional specificity [3–5]. Whereas their original discov-
ery is attributed to phosphotyrosine recognition in the
The crystal structure of the Disabled-1 PTB domain in
context of very specific consensus sequences, more
a ternary complex with the phosphoinositide PI-4,5P2 recent advances have demonstrated a much broader
and an NPVY peptide of the apolipoprotein E recep- range of ligand binding activities for the PTB domain,
tor-2 reveals how this conserved scaffold simultane- including to peptides independent of tyrosine phosphor-
ously recognizes two distinct biological ligands required ylation [1, 2].
for signaling through this family of receptors. In this issue of Structure, Stolt and coworkers de-
scribe the crystal structures of the murine Disabled-1
Phosphotyrosine binding (PTB) domains are structurally (Dab1) PTB domain (Figure 1), which reveal the first
conserved modules known to be important mediators glimpse of this resourceful protein domain bound to two
of protein-protein interactions [1, 2]. In the original mod- distinct ligands: to an unphosphorylated NPVY-con-
els of PTB domain function, protein-protein association taining peptide bound to one side of the molecule, and to
could be triggered by tyrosine phosphorylation, provid- a phosphoinositide in an electropositive pocket spatially
ing an easily regulated anchor for docking proteins con- remote from the peptide binding site [6]. These struc-
tures highlight the two sides of this PTB domain, empha-taining this module. Specifically, the first identified PTB
Previews
483
Figure 1. Engagement of Two Distinct Bind-
ing Sites in the Dab1 PTB Domain
The conserved PTB/PH domain superfold
found in mouse Disabled-1 PTB domain is
colored blue. The peptide binding pocket typ-
ical of a PTB domain is occupied by an un-
phosphorylated NPVY-containing peptide
derived from ApoER2 depicted in orange. The
phosphoinositide binding pocket character-
istic of a PH domain is found on the opposite
side of the scaffold and is occupied by PI-
4,5P2 colored red.
sizing the structural plasticity required by this single ence for unphosphorylated tyrosine over phosphory-
lated tyrosine within the NPXY motif due to a cleft formedconserved scaffold to recognize such a diverse set of
biological ligands. by the 4-5 and 6-7 loops (Figure 1). These seg-
ments are shorter than the corresponding loops in otherWhereas the PTB domain is best known for binding
to NPXY-related peptide sequences (whether tyrosine PTB domains such as those from the adaptor protein
Shc [9] and insulin receptor substrate 1 (IRS-1) [11, 12].phosphorylated or not), the pleckstrin homology (PH)
domain is mainly recognized for binding to phospholip- The Shc and IRS-1 PTB domains only recognize the
NPXY motif in a tyrosine phosphorylation-dependentids in order to localize proteins to the plasma membrane
[7, 8]. Despite differences in amino acid sequence and manner. The tight tyrosine binding pocket in the Dab1
PTB domain positions the hydroxyl group of the unphos-ligand binding specificities, all known PTB and PH do-
main structures adopt a remarkably similar structural phorylated tyrosine to form a hydrogen bond with the
backbone carboxyl group of Gly 131, and also placesfold [1, 2, 7, 8]. The similarity of these modules, however,
can only be defined at the level of three-dimensional the His 136 imidazole ring within van der Waals contact
of the tyrosine hydroxyl. So, the length, rigidity, andstructure due to very limited sequence homology among
members of the PTB/PH domain superfamily. The mini- amino acid composition of the loops surrounding the
peptide binding groove help dictate a PTB domain’smal PTB/PH domain superfold is comprised of a  sand-
wich of two nearly orthogonal, antiparallel  sheets selection of target sequence and aid in discriminating
the phosphorylation state of tyrosine.capped on one side by a C-terminal  helix (Figure 1)
[9, 10]. Additional secondary structure elements are of- More interestingly, when Stolt and colleagues calcu-
lated the electrostatic potential of the Dab1/ApoER2ten built onto the basic core to endow these domains
with both specificity and functional versatility. Because binary complex, they noted a distinct electrostatic polar-
ization reminiscent of a PH domain. The PH domainof their similar three-dimensional fold, the functional
distinction between a PTB and a PH domain has largely characteristically exhibits electrostatic polarization on
its molecular surface, separating the molecule intobeen based on which type of ligand occupies which
binding site. acidic and basic regions [7, 8]. A variety of different
phospholipids have been found to bind to the basicAlthough the term PTB does not accurately reflect
the activities of the PTB domain, its mode of peptide region of the PH domain, which is located away from
the PTB domain peptide binding groove, on the otherrecognition may be described by the presence of several
unifying features. First, the ligand is always accommo- side of the scaffold [7, 8]. Whereas previous structures
have shown that this superfold is able to accommodatedated in a cleft formed by 5 of the second  sheet
and the C-terminal  helix. Second, the peptide always one type of ligand or the other, Stolt and colleagues
show us that it can accommodate both. The ternaryadopts an extended conformation to form intermolecu-
lar antiparallel  strand interactions with the protein, complex of Dab1 PTB domain/ApoER2 peptide/PI-4,5P2
reported here by Stolt et al. represents the first structurethereby extending the second  sheet by one strand.
Third, the peptide often contains an NPX(p)Y or related showing simultaneous occupancy of both the PTB and
PH domain ligand binding sites on the same proteinsequence with a propensity for forming a type I  turn to
position key C-terminal peptide residues for stabilizing molecule (Figure 1). Dab1 serves as a hybrid domain
that possesses a PH domain-like phosphoinositideintermolecular interactions. All three of these structural
features are found in the Dab1 PTB domain in complex binding site localized on one side of the scaffold and a
PTB domain-like peptide binding surface on the oppo-with the apolipoprotein E receptor-2 (ApoER2) peptide
[6], indicating a mode of molecular recognition consis- site side. The authors suggest a role for Dab1 phospho-
inositide binding in recruiting the adaptor molecule totent with that of other PTB domains [1, 2]. Finally, small
changes in and around the peptide binding site can the membrane, as a functionally relevant aspect of trans-
ducing signals from the low-density lipoprotein (LDL)account for large differences in ligand selectivity. The
Dab1 PTB domain exhibits an unusual, strong prefer- receptor family.
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the formation of an enzyme-bound intermediate calledPushing Induced Fit to Its Limits:
aminoacyl-adenylate from amino acids, ATP, and mag-tRNA-Dependent Active Site nesium ions. At the second step, the aminoacyl moiety
is transferred to one of the hydroxyl groups of the 3-Assembly in Class I
terminal adenosine of the tRNA to form an aminoacyl-Aminoacyl-tRNA Synthetases
tRNA. Due to their fundamental importance, the aaRSs
are likely to be one of the most ancient families of pro-
teins and have therefore been analyzed extensively (for
Aminoacyl-tRNA synthetases are responsible for a recent review of the field, see [1]). The aaRSs are
aminoacylating their cognate tRNAs with a unique divided into two classes, which correspond to two archi-
amino acid. Recent structural work shows how binding tectures of the active site core characterized by con-
of substrates is coupled to assembly of the active site. served amino acid residues.
Prodigious efforts spanning more than 25 years led
Aminoacyl-tRNA synthetases (aaRSs) constitute a fam- to the determination of the crystal structures of mainly
ily of RNA binding proteins that play a central role in all aaRSs, either in the free state or in complexes with
translation by forming the aminoacyl-tRNAs used in pro- the other partners of the aminoacylation reaction. aaRSs
tein biosynthesis. In most organisms, there are 20 dis- now constitute the best textbook example of multido-
tinct aaRSs, each of them being responsible for amino- main proteins, including insertion and terminal func-
acylating its cognate tRNA(s) with a unique amino acid tional modules, appended to one of the two class-spe-
cific active site domains. In several cases, the specificityin a two-step catalytic reaction. The first step leads to
